Acute tears or ruptures of the brachialis muscle are rare events, with only 10 cases reported to date and all of which have been in adults. We report a case of an acute, complete tear of brachialis in an 8-year-old female that occurred while the patient was practicing a gymnastic move. Although rare, this case underscores the need to include brachialis tears in the differential diagnosis for musculoskeletal injuries at the elbow in all age groups.
Introduction
Adolescent athletes are susceptible to an array of musculoskeletal injuries while participating in sports. At the elbow, biceps brachii is the most commonly injured of the flexor muscles [1] . A far less common injury is an isolated brachialis tear, first reported in the literature in 2001 in a 67-year-old male [2] . Since that time, several other reports of isolated brachialis muscle tears have been published [3] [4] [5] [6] [7] [8] [9] [10] [11] . These cases involved people across the age-spectrum who were participating in a diverse set of activities and with their upper extremity in a variety of positions at the time of injury. Due to the rarity of this injury it may not be included on the differential diagnosis and therefore may be misdiagnosed. We describe a case of an 8-year-old girl with an isolated, complete brachialis tear that, Competing Interest: The authors have declared that no competing interests exist.
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to the best of our knowledge, is the first report of a brachialis tear during the first 2 decades of life.
Clinical case
An 8-year-old Caucasian right-handed female presented with pain and swelling at the lateral side of her distal right forearm following an attempted gymnastic move. The patient was a nonelite, recreational gymnast. The local orthopedics department was consulted via telephone but no physical examination was performed. The patient subsequently underwent radiographic imaging of her right elbow in 3 views. The patient's height was 48 inches, weight 60 pounds, she had no history of musculoskeletal injuries or disorders, her body mass in- dex was reported at ˜18.3, and she had yet to undergo menarche. It was noted that she could achieve only 30 °of flexion at the elbow, had normal pronation and supination, and displayed minimal bruising and no paresthesia. The injury was sustained while she was performing a "back-walkover" move, a move she had learned in her gymnastics class which she participated in twice a week for 1 year. She had reached the "bridge position" and was in the process of "walking" her legs over her head, when she felt an unexplainable but painful sensation in the distal portion of her right arm. She subsequently developed rapid swelling at the lateral side of her distal right arm.
Imaging via radiography plain film demonstrated a small right elbow joint effusion with no evidence of acute osseous fracture. The elbow ossification centers were developmentally normal, no arthritis was present, and the radio, capitellar, and humeral lines were normal. Noncontrast magnetic resonance imaging (MRI) was performed the day after her injury, which revealed an isolated, complete, full thickness brachialis muscle tear without tendon damage ( Figs. 1 and 2 ).
The patient's affected arm was immobilized for 2 weeks in a sling and she ceased formal gymnastics training for 10 weeks, although she remained physically active by participating in karate within a month of injury and practiced gymnastics lightly. Noncontrast MRI at 8 weeks postinjury demonstrated persistent but minimal inflammation of the muscle and healing of the muscle with a closure in the gap between torn ends of the muscle ( Fig. 3 ) .Verbal follow-up was conducted at 9 months postinjury with the patient's family reporting no signs or symptoms of injury and an improvement in her overall skill level.
Discussion
The patient presented is an 8-year-old female who suffered a right arm distal brachialis tear without tendon or bone involvement. Isolated brachialis muscle tears are exceedingly uncommon events [2 ,3 ,10] and to the best of our knowledge this is the first published record of such an injury during the first 2 decades of life.
In the upper extremity, 3 muscles are involved in elbow flexion: brachialis, biceps brachii, and brachioradialis. Brachialis is composed of 2 heads, specifically a larger superficial head (SH) and a smaller deep head (DH). The proximal attachment of the SH forms a cup underneath deltoid's distal attachment at the deltoid tuberosity, surrounding it anteriorly, inferiorly, and posteriorly. This attachment continues laterally on the humerus and onto the lateral intermuscular septum. The distal attachment of the SH is on anterior surface of the ulna at the ulnar tuberosity. The DH originates distally to the SH on the anterior surface of the humerus as well as the medial intermuscular septum. Distally, the fibers of the DH spread out and form an aponeurosis which inserts onto the ulna just proximal to the SH, with some fibers penetrating into the distal attachment of the SH, but they do not extend far enough proximally reach the coronoid process [12] . Because brachialis crosses the elbow joint anteriorly and its distal attachment is restricted to the ulna, its action is limited to elbow flexion and it assumes no role in elbow pronation/supination [12] . Of note, however, is that brachialis generates the greatest contractile force of any of the elbow flexors [13] .
The injury sustained by this patient was the direct result of a biomechanical event and there is no reason to suspect it was precipitated by an underlying pathology or abnormality. The patient had no prior history of musculoskeletal injuries or disorders and with a body mass index of ˜18.3, which corresponds to the 85th percentile, she presumably had sufficient brachialis cross-sectional area to withstand normal tensile forces during elbow flexion.
Based on the gymnastic move our patient was performing at the time of her injury, it is possible to identify the biomechanical events that led to her injury. Prior to injury, she was situated in the "bridge position" of the "back-walkover" move, with her elbows in slight flexion of approximately 10 °to brace her body. The process of "walking" her legs over her head caused her elbows to fully extend, or perhaps hyperextend, which resulted in a lengthening of the brachialis muscle. Elbow extension is accomplished primarily by triceps brachii and anconeus; however, during the gymnastics move performed by our patient, brachialis would have assisted through eccentric contraction. Eccentric muscle contraction produces significantly more tensile force than concentric contraction [14] and consequently muscle tearing occurs most often when a muscle is subjected to excessive eccentric contraction [15] . In this case, the eccentric load ultimately overwhelmed the brachialis myofibrils, resulting in a complete tear of the muscle belly. Furthermore, muscle fibers near the myotendinous junction are more susceptible to injury from excessive tensile force than are muscle fibers located within the muscle belly [16] [17] [18] , which fits with the location of the injury in this patient.
In this case, additional factors may have contributed to the muscle failure and tearing. First, the patient had not performed a proper "warm-up" prior to attempting the gymnastic move. Indeed, the injury occurred at school within minutes of the start of the patient's recess break. A well-designed warmup can reduce muscle injury through a variety of mechanisms, including but not limited to improvements in muscle strength and power, lowered viscous resistance in muscles, and improvements in reaction time [19 ,20] . Moreover, a warm-up improves the sensitivity of muscle proprioreceptors, ultimately providing the individual with a better sense of the kinematics of the muscle during activity. This, in turn, helps minimize the risk excessive tensile force being placed on the muscle [21] .
In contrast to brachialis, biceps brachii is commonly injured. Of note, however, is that the vast majority of biceps brachii injuries involve the tendon, usually the proximal portion of the long head of the biceps tendon, with the mechanism of injury related to tendinopathies. Biceps muscle belly tears are exceedingly rare. When they do occur, the mechanism of injury most commonly reported is blunt trauma [22] .
Muscle injuries at the elbow show no predilection for gender in this age group, with males and females having similar elbow flexion isometric torque capabilities, elbow flexor crosssectional area, brachialis moment arm length, and mechanical advantage [23] . However, as women reach menarche, increases in estradiol decrease tendon collagen synthesis, lower mechanical strength, and ultimately result in differences in the adaptability of tendon to loading between women and men [24] . This, among many other factors, may be responsible for increased connective tissue injury rates in females post menarche.
Isolated brachialis tears are rare and therefore carry with them the risk of being misdiagnosed. Diagnosis is further complicated by the deep position of brachialis relative to the overlying biceps brachii, which makes palpation of the injured muscle difficult. Imaging investigations such as MRI are key to confirming the injury. This case demonstrates these injuries can occur within pediatric age group and it further underscores the need to include brachialis tears in the differential diagnosis for musculoskeletal injuries at the elbow in all age groups.
